We present all the leading twist T-even TMDs in the light-front quark diquark model(LFQDM) and study the relations among them. The model contains both the scalar and vector diquark with the light front wave functions modeled from the soft-wall AdS/QCD prediction. The x − p 2 ⊥ factorization used in phenomenological extraction for TMDs is observed in this model. We present the results for the quark densities and the transverse shape of proton. The shape of the transversely polarized proton is shown to be non-spherical for nonzero transverse momentum. The scale evolution of both integrated and unintegrated TMDs are also presented in this paper.
I. INTRODUCTION
Transverse momentum dependent parton distributions(TMDs) encode three dimensional structure as well as angular momentum information and hence have attracted lot of attentions in recent time to unravel the three dimensional structure of the proton. Being nonperturbative in nature, the TMDs are very difficult to be calculated in full QCD. So, they have been studied in different QCD inspired models to understand the spin and three dimensional structure of the proton in parton level. The TMDs (see [1] and references therein) are required to describe the Semi-Inclusive Deep Inelastic Scattering(SIDIS) or Drell-Yan processes where a final state particle with transverse momentum is observed. The collinear picture of DIS cannot explain the single or double spin asymmetries in SIDIS or Drell-Yan processes. At leading twist, there are eight TMDs, three of them f 1 (x, p ⊥ ), g 1L (x, p ⊥ ), h 1 (x, p ⊥ ) are generalization of the three PDFs and when integrated over transverse momentum, reduce to PDFs, namely, the unpolarized distribution f 1 (x), helicity distribution function g 1 (x) and the transversity distribution h 1 (x).
TMDs are also rich in information about the spin-orbit correlations at the parton level.
The TMDs provide interesting insights into the proton structure. From the TMDs, one can extract the quark densities for different proton and quark polarization. In the recent time, the transversity TMD h 1 (x, p ⊥ ) has drawn a lot of attention for its contribution to the Collins asymmetry in the leading order QCD parton models [2] [3] [4] . Phenomenological restrictions suggest that the transversity distribution should be positive for u and negative for d quarks. When integrated over x, p ⊥ , it reduces to the tensor charge. The distribution g 1T (x, p ⊥ ) encodes the information of longitudinally polarized quark in a transversely polarized proton. p 2 ⊥ weighted moment of g 1T (x, p ⊥ ) contributes to the double spin asymmetry A LT [5] . The distribution corresponding to the transverse quark in a longitudinal proton h ⊥ 1L (x, p ⊥ ) is found to be negative for u and positive for d quarks in some model calculations [6] . The transverse moment of h ⊥ 1L (x, p ⊥ ) can be connected with the higher twist TMDs using the Wandzura-Wilczektype approximation on the basis of available data from HERMESS [7] . The pretzelosity TMD, h ⊥ 1T (x, p ⊥ ) contributes to the single spin asymmetry(SSA) A sin(3φ h −φ S ) U T [3, 7, 8] . It is also related to the orbital angular momentum(OAM) of quarks [9] [10] [11] . The non-vanishing h ⊥ 1T (x, p ⊥ ) indicates that the polarized proton is not spherically symmetric [12] . Most of the models predict a negative distribution for u quarks and a positive distributions for d quark [10, 13] whereas model extraction from experimental data shows opposite behavior with large error corridor [8] . Some models calculation shows that the difference between helicity and transversity distributions is related to pretzelosity distributions [7] .
TMDs have been investigated in several QCD inspired models, e.g., in a diquark spectator model [13, 15] , in MIT bag model [10] , in a covariant parton model [17] . The power counting rule of h ⊥ 1T (x, p ⊥ ) compared with unpolarized distribution, for large x regime, is discussed in [14] . TMDs satisfy different relations with PDFs and GPDs. These relations are model dependent and it is not guaranteed that they should hold in QCD. A model independent derivation of the relations is not yet possible. Nevertheless, from phenomenological point of view, these relations may provide additional constraints on model predictions. The model dependent relations among TMDs and GPDs have been investigated in Ref. [18, 19] and the relations with PDFs have been investigated in Ref. [20] .
In this work, we study the T-even TMDs in a light front quark-diquark model [21] where the wave functions are constructed from the AdS/QCD prediction. The TMDs in our model satisfy certain inequalities, specially, the unpolarized, helicity and transversity TMDs satisfy a Soffer bound type inequality. In many phenomenological models, the unpolarized TMD is modeled as the unpolarized PDF with a Gaussian transverse momentum dependence. In our model, this x − p 2 ⊥ factorization is not apparent, but interestingly, numerical analysis support the phenomenological assumption. The model is defined at an initial scale µ 0 = 0.8 GeV and the TMDs at the energy scales accessible to different experiments are evaluated using the evolution scheme proposed in [22, 23] .
In Sec.II, we introduce the quark-diquark model of the proton. In Sec.III the TMDs are defined and the results for the TMDs in our model are given in Sec.IV. The TMD inequality relations are discussed in Sec.V and in Sec.VI we present the results for quark densities. The TMD evolution and results for integrated TMDs are presented in Sec.VII and VIII. The distortion in the transverse shape of the proton due to the pretzelosity TMD is discussed in Sec.IX.
Finally, a brief conclusion and summary is presented in Sec.X. A discussion and the values of the parameters in the model are given in Appendix A and some details of the quark correlator calculations are given in Appendix B.
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II. LIGHT-FRONT QUARK DIQUARK MODEL FOR NUCLEON
Here, we consider the light-front quark-diquark model proposed in [21] . In this model, the proton is written as a sum of isoscalar-scalar diquark singlet |u S 0 , isoscalar-vector diquark |u A 0 and isovector-vector diquark |d A 1 states [13, 15] having a spin-flavor SU (4) structure
Where S and A represent the scalar and vector diquark and their superscripts represent the isospin of that diquark.
We use the light-cone convention x ± = x 0 ± x 3 and choose a frame where the transverse momentum of proton vanishes i,e. P ≡ P + ,
Where the momentum of struck quark and diquark are p ≡ (xP + ,
The longitudinal momentum fraction carried by the struck quark is denoted by x = p + /P + . The two particle Fock-state expansion for J z = ±1/2 for scalar diquark is given by
and the light front wave functions for scalar diquark are given by [24] 
where |λ q λ S ; xP + , p ⊥ represents the two particle state having struck quark of helicity λ q and a scalar diquark having helicity λ S = s(spin-0 singlet diquark helicity is denoted by s to distinguish from triplet diquark). Similarly the two particle fock-state expansion for vector diquark is given as [25] |ν
Where |λ q λ D ; xP + , p ⊥ is the two-particle state with a quark of helicity λ q = ± 
and for
Using the Eqs. (2, 4) in the correlator Eq. (8), we calculate the TMDs for different polarization from Eqs. (9, 10, 11) . The transverse momentum dependent parton distributions, in this model, can be written in terms of LFWFs as for scalar diquark:
Where the summation is taken over helicity of the vector diquark, λ A = 0, ±. Using the lightfront wave functions from Eqs. (3) and Eqs. (5, 6) , the explicit expressions for the TMDs can be written as:
8 where
The three dimensional variation of f 
The axial charge in this model is calculated in [21] and compared with the experimental data. The transversity TMD, h Fig.1 Fig.2 ization factors and |f Fig.2(g,h) for u and d quarks respectively. The model predicts a negative distribution for u quark and positive distribution for d quark consistent with the findings of other models e.g, LCCQM [6] , MIT Bag model [10, 29] , Spectaror model [29] etc. The pretzelosity distribution extracted by Lefky and Prokudin [8] shows the opposite behavior with a large error corridor. 
0. 
1T (x, p 2 ⊥ ) for u and d quarks at the initial scale µ 0 .
⊥ factorization in TMDs are assumed in many places e,g. phenomenological extraction [23] , Lattice QCD [31, 32] etc. In the Gaussian ansatz the unpolarized TMDs are written asf
Where, the averaged p 2 ⊥ is defined as
To Fig.3 . The agreement of these two results shows that though the x − p 2 ⊥ factorization is not explicit in our model, but numerically the factorization holds. 
V. RELATIONS
It is interesting to study interrelations among the T-even TMDs at the leading twist. The the transversity TMD have a uppercut specified by the unpolarized TMD and helicity TMD as
This represents the Soffer bound [33] for TMDs. The leading twist TMDs in this model also satisfy the inequality relations which are valid in QCD and all models [10, 35] :
Other inequalities are
The above relations are consistent with the relations found in other models like Bag model [10] , LCCQM and are proved to be generic for diquark models [34] . Note that all the relations listed above are independent of the parameters of our model.
In this model, we observe a generic relation between TMDs and GPDs
as found in quark-scalar-diquark model [19] . Where GPD ν (x, t) represents the H and E GPDs and the TMD ν (x, p 2 ⊥ ) stands for all the leading twist T-even TMDs. The p 2 ⊥ and |t| are treated in same footing. We observe that contribution of vector diquark does not effect the relation. A detail discussion on GPDs in this model are given in [30] . Note that the above equation is not exact for all the distributions, however the deviation is found to be negligible at high transverse momentum.
VI. QUARK DENSITIES
The TMDs can be interpreted as the quark densities inside a proton as: Where f 1T (x, p 2 ⊥ ). Since the distribution g 1T changes sign, shown in Fig.2(a),(b) , we find a sift towards the positive p x for u quark and towards the negative p x for d quark. We consider the quark spin pointing along z direction and proton is polarized in transverse x-direction, 
VII. TMD EVOLUTIONS
The scale evolution of TMDs in the coordinate space is defined [22, 23] as
Where theF (x, b ⊥ ; µ) represents the T-even TMDs at scale µ.K(b ⊥ ; µ) is given by [36] 
at O(α s ) [37, 38] . C 1 is a constant, we adopt a particular choice C 1 = 2e −γ E [22, 36] , where γ E = 0.577 is the Euler constant [38] . Thus the evolution equation can be written as
with the kernelR
The anomalous dimensions are given by
Therefore, taking Fourier transformation the evolution of TMDs in momentum space is written as
The scale evolution of unpolarized TMDs are shown in Fig.5 and compared with the results of Anselmino et.al. [23] . 
VIII. INTEGRATED TMDS
The PDFs are found by integrating TMDs over transverse momentum p ⊥ . The PDF limit of the Eqs. (16, 17, 18) give unpolarized PDF (f ν 1 (x)), helicity distribution(g ν 1 (x)) and transversity distributions(h ν 1 (x)) respectively. At the leading twist, the integrated TMDs in this model read
The distributions f 
The distribution g ν 1T (x) is found for longitudinal quark in a transversely polarized proton. Its 
= C ν depends on scale and flavour. We found C u < 0 and C d > 0. This ratio is almost constant at the higher scales as shown in Fig.8(a) . We perform the scale evolution using the model parameterization discussed in [21] (also see Appendix-A). The distribution h Fig.8(b) . The model predicts that C u > 0 and C d < 0. [10] prediction and dot dashed green line is for spectator model [13] .
Pretzelosity distribution h ⊥ν 1T (x) is shown in Fig.10 for u and d quarks. We compare our result with other models e.g, Bag model [10] , Spectator model [13] for both the quarks. We observe a negative distribution for u quarks and a positive distribution for d quarks as found in most of the models. Whereas a opposite distribution is predicted by [8] with big error corridor. In our model, the contribution coming from d quark is much higher than that in other models. The difference in magnitudes in different model predictions may be due to different energy scales used different models. The transverse moment of pretzelosity is shown in Fig.11 and compared with other models.
IX. TRANSVERSE SHAPE OF PROTON
It is interesting to study the contributions of transverse distributions e.g, h 1 and h ⊥ 1T to the transverse shape of proton. Presence of nonzero transversity and pretzelosity distribution causes a non-spherical shape of the proton. The transverse shape of proton [12] is defined aŝ
where the struck quark has a spin in an arbitrary fixed direction specified by n, the proton spin is denoted by S ⊥ and φ n is the angle between n and S ⊥ . In the above equation φ is the angle between p ⊥ and S ⊥ . The tilde over a function is define asf (p The transverse shape of proton is shown in Fig.(12) for n lies parallel to S ⊥ , i.e, φ n = 0. becomes more significant and causes highly non-spherical transverse shape of proton. Similar deformations are found in other models e,g. CQM [6] , spectator model [12] . The transversity TMD is found to satisfy the Soffer bound. In phenomenological models, the TMD f ν 1 (x, p ⊥ ) is assumed to factorize in x and p ⊥ where the x-dependence comes through the PDF f ν 1 (x) and a Gaussian ansatz is adopted for p ⊥ dependence. In our model, the TMDs x − p 2 ⊥ factorization is not apparent. But, interestingly, our numerical analysis indicates that TMDs in our model actually agree with the phenomenological ansatz. 
Where, the scale dependent parts A 
For completeness, using the parameters of Table. I and II in Eqs.(A1,A2,A4), we plot the unpolarized PDFs at two different scales µ 2 = 10 2 , 10 4 GeV 2 (shown in Fig.14) . [40] , HERAPDF15(NNLO) [41] and MSTW2008(NNLO) [42] results.
The last line in Eq.(B8) and (B9) is found using the commutation relation of Eq.(B6). Similarly, the TMD correlators can be calculated for axial vector current(Γ = γ + γ 5 ) and tensor current(Γ = iσ j+ γ 5 ). The final expressions in terms of wave function are shown in Eq. (14)and (15) for scalar sector and vector sector respectively.
